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, contractive Kannan [5] .
contractive ,
Kannan . 3 , Kannan
Subrahmanyam [7] - -




[3] , Kannan quasi-contractive [2]
, .
weakly quasi-contractive ,
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. [3] , .
5 . 2 3 ,
. 3 [3] ,
. 4, 5 [3] , .
2
$X$ , $\mathbb{N},$ $\mathbb{R}$ , . , $X$
$T$ , $T(X)$ .
. $T$ $X$ $X$ . ,
$T$ contractive[1, 10] , $r\in[0,1)$ , $x,$ $y\in X$
$d(Tx, Ty)\leq rd(x, y)$
. $T$ Kannan[5, 10] , $\alpha\in[0,1/2)$ ,
$x,$ $y\in X$
$d(Tx, Ty)\leq\alpha(d(Tx, x)+d(Ty, y))$
. $T$ quasi-contractive [2, 3] , $\alpha\in[0,1/2)$
$d(Tx, Ty)\leq\alpha(d(Tx, y)+d(Ty, x))$
$x,$ $y\in X$ . $T$ $F(T)$ ,
$F(T)=\{z\in X:Tz=z\}$ .
, - - [4] .
. ,
[10] . , $p:X\cross Xarrow[0, \infty)$
, $(W1)-(W3)$ .
(Wl) $x,$ $y,$ $z\in X$ ,
$p(x, z)\leq p(x, y)+p(y, z)$ .
(W2) $x\in X$ , $p(x, \cdot)$ : $Xarrow[0, \infty)$ .
(W3) $\epsilon>0$ , $\delta>0$ $p(z, x)\leq\delta,$ $p(z, y)\leq\delta$ $d(x, y)\leq\epsilon$ .
.
, - - [4], [4, 9, 10] . , $X$
$W(X)$ . $p\in W(X)$ [6, 10] , $x,$ $y\in X$
60
$p(x, y)=p(y, x)$ , $W_{0}(X)$ . ,
$p\in W(X)$ [3] , $x=y$ $p(x, y)=0$ ,
$W_{*}(X)$ . , .
, - [6] .
4 . contractive .
$T\in WC_{0}(X)$ $\Leftrightarrow$ $p\in W_{0}(X),$ $r\in[0,1)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq rp(x, y)$ .
$T\in WC_{1}(X)$ $p\in W(X),$ $r\in[0,1)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq rp(x, y)$ .
$T\in WC_{2}(X)$ $\doteqdot\Rightarrow$ $p\in W(X),$ $r\in[0,1)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq rp(y, x)$ .
, $T\in WC_{i}(X)$ weakly contractive . , Kannan
.
$T\in WK_{0}(X)$ $\Leftrightarrow p\in W_{0}(X),$ $\alpha\in[0,1’ 2)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq\alpha(p(Tx, x)+p(Ty, y))$ .
$T\in WK_{1}(X)$ $\Leftrightarrow$ $p\in W(X),$ $\alpha\in[0,1’ 2)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq\alpha(p(Tx, x)+p(Ty, y))$ .
$T\in WK_{2}(X)$ $\Leftrightarrow$ $p\in W(X),$ $\alpha\in[0,1’ 2)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq\alpha(p(Tx, x)+p(y, Ty))$ .
, $T\in WK_{1}(X)$ weakly Kannan . ,
.
21([6]). $X$ , $p\in W(X),$ $T$ $X$ $X$ . $u\in X$
$\lim_{m,narrow\infty}$ $p(T^{m}u, T^{n}u)=0$
, $x$ $\in$ $X$ $\lim_{karrow\infty P(T^{k}u,x)}$ ,
$\lim_{karrow\infty P(x,T^{k}u)}$ . , $q0,$ $q_{1}$ : $X\cross Xarrow[0, \infty)$
$q_{0}(x, y)=\beta(x)+\beta(y),$ $q_{1}(x, y)=\gamma(x)+\beta(y)$
. , $\beta,$ $\gamma$ : $Xarrow[0, \infty)$
$\beta(x)=\lim_{karrow\infty}p(T^{k}u, x),$ $\gamma(x)=\lim_{karrow\infty}p(x, T^{k}u)$ .
, $q_{0},$ $q_{1}$ : $X\cross Xarrow[0, \infty)$ .
2.1 , $q_{0}$ : $X\cross Xarrow[0, \infty)$ ,
$q_{0}\in W_{0}(X)$ . 2.1 ,
.
61
2.1 ([6]). $X$ . ,
$WC_{0}(X)=WC_{1}(X)=WK_{0}(X)=WK_{1}(X)\subset WC_{2}(X)=WK_{2}(X)$ .
, $\sim$ - [4] weakly contractive .
2.2 ([4]). $X$ , $T:Xarrow X$ weakly contractive .
, $T$ : $Xarrow X$ $X$ .
, - [8] .
23([8]). $X$ . , .
(1) $X$ .
(2) $X$ $X$ weakly contractive $X$ .
mean , . $S$ , $B(S)$
$S$ . , $B(S)$ $\sup$
. $X$ $B(S)$ , 1 $e$ . ,
$X$ $\mu$ mean
$\Vert\mu\Vert=\mu(e)=1$
. mean , .
24([10]). $X$ $B(S)$ , $\mu$ $X$ .
, .
(1) $\mu$ $X$ mean.
(2) $f\in X$ ,
$\inf_{s\in S}f(s)\leq\mu(f)\leq\sup_{s\in S}f(s)$ .
3 Kannan , quasi-contractive
1 Kannan , quasi-contractive





1([5]). $X=[0,1]$ , $T$ : $Xarrow X$
$Tx=\{\begin{array}{l}x/4 (x\in[0,1/2)),x/5 (x\in[1/2,1])\end{array}$
. , $T:Xarrow X$ Kannan .
quasi-contractive .
2. $X=[0,1]$ , $T$ : $Xarrow X$
$Tx=\{\begin{array}{ll}x/2 (x\in[0,1/2)),0 (x\in[1\prime 2,1])\end{array}$
. , $T:Xarrow X$ quasi-contractive .
. - - [4]
Example 5, $[$ 10] Example2.2.4 ,
.
3. (X, d) , $T$ $X$ $X$ . , $P$ :
$X\cross Xarrow[0, \infty)$
$p(x, y)= \max\{d(x, y), d(Tx, Ty)\}(x, y\in X)$
, $p$ .
. $p$ , $p$ . $x,$ $y,$ $z\in$
$X$ .
(Wl) $d(x, z)\geq d(Tx, Tz)$ ,
$p(x, z)=d(x, z)\leq d(x, y)+d(y, z)$
$\leq\max\{d(x, y), d(Tx, Ty)\}+\max\{d(y, z), d(Ty, Tz)\}$
$=p(x, y)+p(y, z)$ .
$d(x, z)\leq d(Tx, Tz)$ ,
$p(x, z)=d(Tx, Tz)\leq d(Tx, Ty)+d(Ty, Tz)$
$\leq\max\{d(x, y), d(Tx, Ty)\}+\max\{d(y, z), d(Ty, Tz)\}$
$=p(x, y)+p(y, z)$ .
(W2) .
(W3) $\epsilon>0$ , $\delta=\epsilon/2$ . , $p(z, x)\leq\delta,$ $p(z, y)\leq\delta$
$d(z, x)\leq\delta,$ $d(z, y)\leq\delta$ . ,




$X$ . , . $T$ $X$ $X$
. $T\in WS_{i*}(X)$ , $p\in W_{*}(X)$ $\alpha\in[0,1/2)$ , $x,$ $y\in X$
$p(Tx, Ty)\leq\alpha(p(Tx, y)+p(Ty, x))$
. $T\in WS_{2*}(X)$ , $p\in W_{*}(X)$ $\alpha\in[0,1/2)$
, $x,$ $y\in X$
$p(Tx, Ty)\leq\alpha(p(Tx, y)+p(x, Ty))$
. $T:Xarrow X$ weakly quasi-contractive [3] ,
$T\in WSi*$ $T\in WS_{2*}$ .
$WS_{1*}(X),$ $WS_{2*}(X)$ $WC_{0}(X),$ $WC_{1}(X)$ , 2.1
2.1 .
41([3]). $X$ . ,
$WS_{1*}(X),$ $WS_{2*}(X)\subset WC_{0}(X)=WC_{1}(X)$ .
4.1 22 .
4.1 ([3]). $X$ , $T:Xarrow X$ weakly quasi-contractive
. , $T$ : $Xarrow X$ $X$ .
, . [12]
.
42 $([$3$])$ . $X$ , $T$ : $Xarrow X$
:
(1) $T$ weakly contractive .
(2) $T$ weakly Kannan .
(3) $T$ weakly quasi-contractive .
, $T$ $X$ .
, contractive, Kannan, quasi-contractive
.
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$A_{n}=\{(t,$ $\frac{t}{n}):t\in(0,1]\},$ $X=A_{n}\cup\{0\}$ .
$X$ , $X$ .
contractive , contractive
.
, Subrahmanyam $[$7$]$ Kannan .
5.1 ([7]). $(X, d)$ . $T$ : $Xarrow X$ .
, $\lambda\in[0, \infty)$ , $x,$ $y\in X$
$d(Tx, Ty) \leq\lambda\max\{d(Tx, x), d(Ty, y)\}$ (1)
, $T(X)$ . , (1) $T$ $X$
, $X$ .
Kannan 5.1 (1) . , Kannan
.
, contractive
, - [8] 2 contractive weakly contractive
, .
5.2 $([8|)$ . $X$ . , .
(1) $X$ .
(2) $X$ $X$ weakly contractive $X$ .
5.1 , - - [6] Kannan
mean , .
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53([6]). (X, d) . , .
(1) $X$ .
(2) $X$ $X$ Kannan $X$ .
(3) $\{x_{n}\}\subset X$ $\inf_{x\in x\mu_{n}d(x_{n},x)=}0$ $\mathbb{N}$ mean ,
$\mu_{n}d(x_{n}, x_{0})=0$ $x_{0}\in X$ .
, Iemoto-Takahashi-Yingtaweesittikul [3] quasi-contractive
, .
54([3]). $X$ . , .
(1) $X$ .
(2) $X$ $X$ quasi-contractive $X$ .
[3] , (2) $\Rightarrow(1)$ $X$
quasi-contractive $T:Xarrow X$ . ,
Kannan .
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